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Abstract

We conducted a comparative retrospective study to quantify the impact of coronavirus disease 2019 (COVID-19) on patient safety. We found
a statistically significant increase in central-line–associated bloodstream infections and blood culture contamination rates during the pan-
demic. Increased length of stay and mortality were also observed during the COVID-19 pandemic.

(Received 11 August 2020; accepted 22 October 2020)

Central-line–associated bloodstream infections (CLABSIs) pose a
significant burden to healthcare systems. CLABSIs are associated
with an increased length of stay (LOS) by 14 days, increased mor-
bidity and mortality by 12%–25%, and $46,000 in excess cost per
case.1 To reduce CLABSIs, hospitals have implemented prevention
bundles that focus on central venous catheter (CVC) insertion and
maintenance practices. The available data indicate that such
endeavors have been tremendously successful.2,3

Although hospitals have attempted to maintain best infection
control practices, the coronavirus disease 2019 (COVID-19) pan-
demic has presented unique challenges, such as continuously
changing recommendations, patient surges, and resource
shortages.4 Research evaluating the consequences of the
COVID-19 pandemic on infection control metrics is limited. In
an attempt to quantify the impact, we compared CLABSI rates,
blood culture contamination rates, mortality rates, and LOS during
the pandemic to those before the crisis.

Methods

Study design

We conducted a comparative retrospective cohort study at an
academic tertiary-care center in Detroit, Michigan, to examine blood
culture contamination and CLABSI rates between a pre–COVID-19
cohort and a “during”COVID-19 cohort. The pre–COVID-19 period
was defined as January–May 2019 and the COVID-19 period was
defined as January–May 2020. Patients aged<18 years were excluded.
Our institutional review board approved this study.

Data collection

TheraDoc Infection Control Surveillance System identified posi-
tive blood cultures and severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) test results. The Infection Control
Department reviewed all positive blood cultures alongside the
National Healthcare Safety Network (NHSN) Patient Safety
Manual to determine whether a patient with a positive blood cul-
ture met CLABSI criteria.5 CLABSI rates were calculated as
CLABSIs per 1,000 central-line days. The following information
collected for patients with a confirmed CLABSI by medical record
review: demographics, SARS-CoV-2 nasopharyngeal test results,
Charlson comorbidity index,6 LOS, and cause of death.
Additionally, the NHSN standardized infection ratio model was
used to compare 2019 CLABSI rates to those of hospitals with sim-
ilar profiles.5
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Blood cultures that only grew Bacillus (excluding B. anthracis),
Corynebacterium (excluding C. diphtheria), Cutibacterium acnes,
coagulase-negative Staphylococcus, or α-hemolytic Streptococcus
(excluding S. pneumoniae) without a repeat blood culture positive
for the same organism in the subsequent 4 days were considered
contaminated.

Analysis

Patients were divided into cohorts based on the date of infection
relative to COVID-19. We used the Fisher exact test and 2-tailed
Wilcoxon signed-rank test for analysis. A P value < .05 was con-
sidered statistically significant. SAS software (SAS Institute, Cary,
NC) was used for calculations.

Results

Blood culture contamination rate

Blood culture contamination rates increased from 3.2% in the pre–
COVID-19 cohort (546 of 16,984) to 3.8% (689 of 18,344) in the
COVID-19 cohort (P< .01). The blood culture contamination rate
peaked at 4.4% in April 2020, coinciding with greatest number of
COVID-19 patients (Supplementary Figs. 1 and 2 online).

CLABSI rate

Of the 36 patients who developed CLABSIs, 6 patients (17%) were
in the pre–COVID-19 cohort and 30 patients (83%) were in the
COVID-19 cohort. The average monthly CLABSI rate increased
from 0.40 before COVID-19 to 1.7 during COVID-19 (P < .01)
(Fig. 1). Increases in the CLABSI rate correlated with increases
in the COVID-19 case load. April 2020 had both the highest
CLABSI rate and the highest incidence of COVID-19 patients
(Fig. 1 and Supplementary Fig. 2 online). Notably, resistance pat-
terns of organisms isolated from blood cultures associated with
CLABSIs did not share similar patterns among patients.
Additionally, when comparing the 2019 CLABSI rate to similar
hospitals using the NHSNmodel, the data indicated that rates were
25% lower than expected. TheNHSN has not published 2020 data.7

Length of stay and mortality

Patients within the pre–COVID-19 cohort who developed aCLABSI
had amedian LOSof 19 days compared to patients of the COVID-19
cohort, who had a median LOS of 27 days (P = .12) (Table 1).

Among the 30 patients with CLABSIs identified within the
COVID-19 cohort, 16 (53.3%) died, compared to 2 of 6 (33.3%)
in the pre–COVID-19 period (P = .66) (Table 1).

Discussion

Blood culture contamination rates were 19% higher during the
COVID-19 period. Even though the blood culture policy did not
change, several nurses acknowledged the following lapses in infec-
tion control practices: (1) using skin disinfectant for less time than
the manufacturer’s recommendation, (2) collecting serial cultures
from the same site, and/or (3) failing to collect multiple blood cul-
tures. Moreover, staff disclosed that specimens were frequently
obtained from CVCs to decrease time in patient rooms as
collecting cultures through a CVC is easier and quicker. Studies
demonstrate that such collection practices are associated with
lower-quality cultures and higher contamination rates.8 The most
common reason cited by staff for deviations from best practices
was limited time secondary to staffing shortages.

Additionally, the CLABSI rate during the pandemic increased
325%. Notably, 8 CLABSIs (26.7%) within the COVID-19 cohort
occurred during the 5 days following insertion compared to 1
(16.7%) in the pre–COVID-19 cohort (P = 1.0) (Table 1).
Although these results are not statistically significant, data exist
to implicate timing of infection as clinically relevant. CLABSIs that
develop within 5 days following CVC placement are likely caused
by deviations from sterile technique during insertion and/or sub-
optimal site placement.9 Of the 6 CLABSIs in the pre–COVID-19
cohort, none were placed in the emergency department, compared
to 4 (13.3%) in COVID-19 cohort (P = .87) (Table 1). CVCs
inserted during emergent circumstances are less likely to be sterile
because the urgency for lifesaving treatment exceeds aseptic tech-
nique.3 Moreover, 7 patients (21.9%) within the COVID-19 cohort
had a femoral line, compared to none in the pre–COVID-19 cohort
(P = .48) (Table 1). Physicians likely chose the femoral vein for
placement to decrease time exposed to patients. Femoral CVC
placement is quicker because ultrasound guidance is rarely
required and the femoral vein is further away from the patient’s
mouth and nose compared to internal jugular and subclavian
veins. Although such variations were made in an effort to decrease
the risk of SARS-CoV-2 exposure, national guidelines still discour-
age the use of femoral line placements.3

Notably, 18 (60%) patients from COVID-19 cohort tested pos-
itive for SARS-CoV-2, and studies show that patients with

Fig. 1. Central-line–associated bloodstream infections
per 1,000 central-line days between January through
May. The pre–COVID-19 cohort had 6 central-line blood-
stream infections (CLABSIs) per 15,026 central-line days,
and the COVID-19 cohort had 30 CLABSIs per 18,106 cen-
tral-line days. The change in the CLABSI rate was sta-
tistically significant at P < .05.
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COVID-19 have an increased probability of developing secondary
infections.10 However, if patients with COVID-19 were excluded
from analysis, the CLABSI rate still increased from 0.40 to 0.77
per 10,000 central-line days, representing a 194% increase.
Therefore, it is likely that increased demands placed on the health-
care system, regardless of inclusion of COVID-19 patients, con-
tributed to the increased incidence of CLABSIs.

Our study has several limitations. First, our cohort size was
small, especially for the period before the COVID-19 pandemic.
Additionally, no audits were conducted on CVC insertion and
maintenance to determine adherence to CLABSI prevention bun-
dles; the lapses in infection control metrics were anecdotal evi-
dence provided by clinicians. We were unable to compare our
2020 CLABSI rates to similar hospitals because the NHSN opted
against collecting these data from January through June 2020
due to the COVID-19 pandemic.7

These data demonstrate higher rates of blood culture contami-
nation and CLABSIs during the pandemic. Both rates reached
peaks in April 2020, when the hospital’s COVID-19 case load

was greatest. Reasons for such increases are likely attributed to
stresses placed on the healthcare system, resource shortages, and
consistent surges of high-acuity patients.4 The present report jus-
tifies greater investment in infection prevention to accommodate
patient quality-care needs during a pandemic.
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Table 1. Baseline Patient Characteristics Between Two Cohorts

Characteristics

Pre–COVID-19
Cohort
(N=6)

COVID-19
Cohort
(N=30) P Value

Age, median (IQR) 60.3 (17.3) 62.6 (26.1) 0.92

Race, no. (%)
Black
White
Other/Unknown

4 (66.7)
1 (16.7)
1 (16.7)

18 (60.0)
6 (20.0)
6 (20.0)

1.0

Females, no. (%) 3 (50.0) 17 (56.7) 1.0

Expired, no. (%) 2 (33.3) 16 (53.3) 0.66

Sepsis as primary cause of death, no. (%) 2 (100.0) 6 (37.5) 0.18

Charlson comorbidity index, no. (%)
0–1
2–3
4–5
>5

1 (16.7)
3 (50.0)
1 (16.7)
1 (16.7)

9 (30.0)
7 (23.3)
4 (13.3)
10 (33.3)

0.64

Type of central venous cathetera, no. (%)
Peripherally inserted central venous catheter
Internal jugular
Mediport
Femoral
Subclavian

2 (33.3)
4 (66.7)
0 (0.0)
0 (0.0)
0 (0.0)

5 (15.6)
13 (40.6)
1 (3.1)
7 (21.9)
6 (18.8)

0.48

Central venous catheter insertion location, no. (%)
Emergency department
Floor (acute care or intensive care unit)
Interventional radiology or operating room
Present on admission

0 (0.0)
4 (66.7)
2 (33.3)
0 (0.0)

4 (13.3)
14 (46.7)
11 (36.7)
1 (3.3)

0.87

Intensive care unit, no. (%) 3 (50.0) 21 (70.0) 0.38

Vasopressors, no. (%) 3 (50.0) 22 (73.3) 0.34

Ventilator, no. (%) 2 (33.3) 21 (70.0) 0.16

Bilevel positive air pressure, no. (%) 2 (33.3) 4 (13.3) 0.26

Length of stay, median (IQR) 19.0 (9.0) 27.0 (33.0) 0.12

Causative organism from blood culture associated with CLABSI, no. (%) 0.22

Fungal
Gram negative
Gram positive

4 (66.7)
0 (0.0)
2 (33.3)

8 (26.7)
6 (20.0)
16 (53.3)

Note. COVID-19, coronavirus 2019; IQR, interquartile range; CLABSI, central-line–associated bloodstream infection.
a2 patients had multiple central venous catheters.
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